Design criteria for field drainage ditches by Coombs, Phillip D. et al.
• 
Sde11ce 1111d reclt1tDIDg/l 
GUIDE 
e ~ 
.... 
% 
~ ~ 
G'r1t, Stet, 11 tlH Celffp111 
u 
M 
C P11blislted bu tlte U11iversit11 D/ )l.issD11ri - eg/11mbia 8Kte11siD11 DivisiDJtl'DlJcAl\~ 
Design Criteria for Field Drainage Dit,hes 
Phillip D. Coombs, Soil Conservation Service, and Mark 
Peterson and C. F. Cromwell, Jr. , Department of 
Agricultural Engineering. 
College of Agriculture 
Field drainage ditches are installed co drain surface ba-
sins or depressional areas and collect or intercept excess run-
off for removal to an outlet. Excess runoff may be sheet flow 
from natural and graded land surfaces or channeled flow from 
natural depressions , plow furrows, crop row furrows, and 
bedding system furrows. Use UMC Guide 1643 "Drainage 
Main or Lateral" for areas over 200 acres or field drainage 
ditch and sub-surface drain outlets. 
Description 
A field drainage ditch is a shallow graded ditch for col-
lecting excess water within a field, usually constructed with 
flat side slopes for ease of crossing. 
Use of field ditches applies to flat or nearly flat lands 
that: 
1. Have soils of low permeability or shallow top soil 
layers over stratas, such as rock or clay, which hold or 
prevent ready percolation of water to a deeper zone. 
2. Have surface depressions or barriers which trap rain-
fall. 
3. Have insufficient land slope for ready movement of 
runoff across the surface. 
4. Receive excess runoff or seepage from uplands. 
5. Require removal of excess irrigation water. 
6. Require removal of excess runoff from graded land. 
7. Have adequate outlets available for disposal of drain-
age water by gravity flow or pumping. 
Design Criteria 
To be effective field drainage ditches must be planned as 
integral parts of a drainage system for the field served and 
collect, intercept, and remove water to an outlet without 
ponding. 
An adequate investigation needs to be made of all areas 
co be drained. Items co investigate are outlets, source and 
quantity of water to be removed, need for structures, and suit-
ability of soils for agricultural use. A planning survey to de-
termine relative elevations, contributing watershed areas and 
ditch lengths is essential. 
This Guide prepared jointly by staffs of the College of Agriculture, Uni-
versity of Missouri - Columbia, and the Soil Conservation Service, USDA. 
TABLE 1 
DES IGN RUNOFF RATE IN CUBIC FEET PER SECOND* 
Drainage Area Degree of Drainage** 
Acres B C 
10 1,7 1.2 
20 3.4 2,5 
40 6.6 5,0 
60 10.0 7.4 
80 13.5 9,5 
100 16,5 11.5 
120 20 . 0 13.5 
140 23 . 0 15.5 
160 26,5 17.5 
180 30.0 19.0 
200 33.0 21.0 
* For areas having average slopes less than 0.5 percent. 
For diverting upland flows see UMC Guide 1506, "Design Criteria for 
Diversions. 11 
For upland and bottom land flows conveyed in one ditch see UMC Guide 
1643, "Drainage Mains and Laterals." 
•• High value crops may require greater capacity than shown. 
B - For good agricultural drainage; removes 4 inches depth per 24 hours. 
Basic drainage curve for field crops. 
C - For foir agricultural drainage; removes 2¾ to 3 inches depth per 
24 hours. Basic drainage curve for improved pasture land. 
Design Runoff Rate 
Determination of design runoff rate can be made from 
Table 1. Selection of the proper degree of drainage is based 
on cropping requirements. Some crops are more susceptible 
to damage due to flooding and poor drainage than other crops 
and require more drainage protection. 
If the drainage area has a combination of upland and 
bottomland, consider diverting or intercepting the flow from 
the upland area and convey it to an outlet. Use UMC Guide 
1506 "Design Criteria for Diversions." 
If it is necessary to convey the runoff from upland areas 
across the flatland to an outlet use UMC Guide 1643 "Drain-
age Mains and Laterals." 
Two degrees of drainage protection are generally used : 
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B for good drainage of most field crops, C for fair drainage 
of field crops and improved pastures. 
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Figure 1 . Typical field drainage ditch cross sections for ditches crossed 
in farming operations. 
Ditch Design 
Depth: The depth of the ditch should be sufficient so 
that in no case will the bottom of the ditch be less than 3 
inches below the bottom of the furrows that drain into it or 
9 inches below the adjacent field surface. For "V" ditches the 
effective depth should be measured from the point where the 
channel is at least 2 feet wide. (See figure 2) 
Side Slope: Side slopes for ditches to be crossed in 
normal farming operations should be 8 to 1 or flatter and not 
usually steeper than 3 to 1 for non-crossable ditches. A com-
bination of side slopes is sometimes used where only one 
slope is used by equipment turning at the ditch. Consider 
method of maintenance in selecting side slopes. Steeper side 
slopes for non-crossable ditches may be used where local ex-
perience for specific soils show them to be stable. When run-
off from a field flows directly down into deeper ditches pro-
tection of side slopes from erosion should be provided. 
side slopes 3 to 1 
1'V'' Ditch Cross Section 
d 
side slopes 3 to 1 
--j f-- Variable bottom width 
Trapezoidal Cross Section 
Figure 2. Typical field drainage ditch cross sections for ditches not 
crossed in farming operations. 
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Grades: The maximum grade of the ditch should not 
exceed 0.5 percent and the minimum grade should not be less 
than 0.05 percent. Steeper grades are sometimes used if the re-
sulting higher velocities of flow will not erode the soil materials 
through which the ditch passes. Grades as low as 0.02 percent 
may be used in problem areas that have specific restricted 
outlet conditions. 
Channel Size: Channel size may be selected from Table 
2 or 3. The Cross Section needs to be adequate to handle the 
selected flow but should not be less than 5 square feet of flow 
area. Bottom width is usually selected to fit construction equip-
ment. (Refer to figures 1 and 2 for typical sections.) 
Spacing: Selection of ditch spacing where the land is 
relatively uniform or the land has been graded should gener-
ally not exceed ¼ mile. (See Figure 3.) Spacings in excess of 
¼ mile may be considered for: irregular-shaped fields or vari-
able soil types within a field . Closer spacing of ditches is gen-
erally used _on land slopes of less than 0.1 percent to provide 
more effective removal of water. Closer spacing of ditches is 
also considered for row and truck crops on land slopes over 
0.3 percent due to potential erosion hazard. 
Recommended spacings are shown below. 
Field Slope in Percent 
Under 0.1 
0.1 to 0.2 
0.2ta0.3 
Over 0.3 
Approximate Spacings Between 
Ditches in Feet 
660 
1320 
1320 - 660 
660 
Location: Locate ditches in straight or nearly straight 
courses insofar as topography and property boundaries permit. 
Random alignment may be used to follow depressions and 
isolated wet areas of irregular or undulating topography. (See 
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Figure 3. Field drainage ditches to intercept and rapidly remove sur-
face water from the field and reduce length of row drainage. 
Figure 4). Avoid excessive cuts, and the creation of small 
irregular fields. 
Use drainage mains or lateral ditches as outlets for field 
drainage ditches. 
Evaluate the need for appurtenant structures such as; 
drop inlets, grade control, culverts, outlet protection or spe-
cial structures such as lift pumps and flood gates when the 
drainage system is planned. 
Construction 
Areas to be excavated and areas to be occupied by spoil 
materials need to be cleared of trees, brush and other debris, 
as required , for construction and maintenance. 
TABLE 2 
CUBIC FEET PER SECOND HANDLED BY FIELD DRAINAGE DITCHES 
WITH 8 TO 1 SIDE SLOPES 
Channel Grode-Percent Bottom 
Width 
Feet 
Depth 
of Flow 
Feet** 0.05 0.10 0.20 0.3 0.4 0.5 
*0 1.0 4.2 5.9 8.4 10 12 I 13 
4 1.0 7.1 10 14 I/ 20 22 
6 1.0 8.6 12 17 21 24 27 
8 1.0 10.1 14 20 25 28 32 
*O 1.5 12 17 25 30 35 39 
4 1.5 18 25 36 44 51 57 
6 1.5 21 29 42 51 59 
8 1.5 23.7 34 47 58 
*O 2.0 26.5 37 53 
4 2.0 35.6 50 
6 2.0 40 57 
8 2.0 45.1 63 
*** 
Maximum Velocity for flow rotes shown in table is 2. 5 feet per second. 
* 0 represents a 11 V 11 ditch. 
** Add 3 inches for freeboord allowance. 
*** Velocity for flow rotes to left of line is 1 foot per second or less. 
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The spoil from ditches should be spread in low areas in 
the field (See figure 4). Spoil left near the ditch should be 
spread to slope away from the ditch so ordinary farm equip-
ment may operate over the spoil. Openings need to be left in 
spoil banks to allow entry of water to the ditch. 
Maintenance 
Adequate maintenance of ditches is essential if they are 
to be effective in drainage. Ditch size and grade can be main-
tained by shaping with a grader, small scoop, or other equip-
ment for areas not seeded to permanent vegetation. Other 
maintenance practices may be annual cutting of weeds and 
vegetation, silt removal, pasturing or mowing of vegetated 
areas. 
TABLE 3 
CUBIC FEET PER SECOND HANDLED BY FIELD DRAINAGE DITCHES 
WITH 3 TO 1 SIDE SLOPES 
Bottom Depth Channel Grode - Percent 
Width of Flow 
Feet Feet** 0.05 0. 10 0. 20 0.30 0.40 0.50 
2 1.0 2 4 6 7 8 9 
4 1.0 4 6 8 10 12 13 
6 1.0 6 8 11 14 16 18 
8 1.0 7 10 15 18 21 23 
*0 1.5 4 6 8 10 12 14 
2 1.5 7 10 14 17 20 23 
4 1.5 10 15 20 25 29 32 
6 1.5 13 19 26 33 38 
8 1.5 17 23 33 40 
*0 2. 0 
...l] 13 19 24 28 2 2. 0 20 28 34 40 
4 2.0 19 27 38 
6 2.0 24 33 
8 2.0 29 40 
Maximum velocity for flow rotes shown in tobfe is 2.5 feet per second. 
* 0 represents• V" Ditch. 
** Add 3 inches for freeboord allowance. 
*** Velocity for flow rotes to left of line is 1 foot per second or less . 
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Figure 4. Use of field drainage ditches to drain depressions. 
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